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[57] ABSTRACT

A knocking control system for an internal combustion
engine with the inlet valves and exhaust valves having
valve timing thereof controlled depending on operating
conditions of the engine. It is determined whether or
not knocking has occurred in the engine on the basis of
a detection parameter indicative of knocking and at
least one discrimination parameter. The operation of the
engine is controlled by the use of at least one control
parameter in response to the determination resuit. The
values of the discrimination and control parameters arfe
selected in accordance with the actual valve timing.
The detection parameter is a level of vibration of the
engine comprising a noise component and a knocking
component. It is determined that knocking has occurred
when the level of the knocking component is higher
than one knocking discrimination level set based on the
level of the noise component and the discrimination
parameter irrespective of the actual valve timing. The
discrimination parameter includes correction terms set
to such values as to obtain the one knocking discrimina-

e Trioss Jonan tion level, by being multiplied by and added to the level
0093137 5/1985 Jaﬂan oo eee e 123/90.16  ©f the noise component, respectively.
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KNOCKING CONTROL SYSTEM FOR INTERNAL
COMBUSTION ENGINES

BACKGROUND OF THE INVENTION

This invention relates to a knocking control system
- for internal combustion engines, and particularly to a
system of this kind for an internal combustion engine
equipped with a device which varies the opening and
closing timing or lift of inlet valves and exhaust valves
of the engine depending on operating conditions of the
engine in order to prevent knocking.

An internal combustion engine is conventionally
known, e.g. from Japanese Patent Publication (K.okoku)
No. 49-33289, which is capable of changing the valve
timing (valve opening period or valve lift) of inlet
valves and/or exhaust valves between low speed valve
timing suitable for a lower engine rotational speed re-
gion and high speed valve timing suitable for a higher
engine rotational speed region, in order to enhance the
charging efficiency or combustion efficiency.

Further, a control method for internal combustion
engines is known, e.g. from Japanese Patent Publication
(Kokoku) 57-30980, in which knocking occurring in the
engine is detected, and the ignition timing is retarded
- upon detection of knocking to thereby eliminate the
knocking. |

However, if knocking control is effected 1n an inter-
nal combustion engine equipped with the valve timing
device, there occur the following problems:

Knocking is caused by abnormal combustion within
engine cylinderds. The magnitude (knocking noise
level) and frequency of knocking, as well as the crank
angle at which knocking occurs vary if the valve timing
and/or lift of the inlet and exhaust valves and/or the
compression ratio vary. Further, the noise level (back-
ground level) of the output of a knocking sensor, on the
basis of which a knocking discrimination level is set,
varies at the time of changeover of the valve timing
- when changeover of rocker arms and oil passages, etc.
is effected. Also, the ignition timing at which knocking
occurs and the optimal ignition timing (MBT) are dii-
ferent between the low speed valve timing and the high
speed valve timing. Therefore, knocking is not elimi-
nated to thereby cause damage to the engine and de-
graded driveability and hence marketability of same,
unless the retarding amount, retarding speed, advancing
amount, and advancing speed of the ignition timing are
set to respective appropriate values depending on the
actual valve timing when the ignition timing is retarded
upon detection of knocking to eliminate same and when
it is advanced after elimination of the knocking.

According to the above described conventional
method, the knocking discrimination level is calculated
by the use of the same equation over the entire engine
rotational speed range, on the basis of the amplitude of
vibration (noise level) of the engine detected by a noise
gate, which is operable in a crank angle region in which
knocking does not occur, as shown in FIG. 19. Then, 1t
is determined that knocking has occurred, when the
level of vibration detected by a knocking gate, which is
operable in a crank angle region in which there is a
possiblity of occurrence of knocking, exceeds the calcu-
lated knocking discrimination level.

However, the noise level detected by the noise gate

" has an inclination to increase as the engine rotational

speed increases. Further, the noise level at the low
speed valve timing is different from that at the high
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2

speed valve timing such that the former is higher than
the latter. This is because if the low speed valve timing
is selected in the higher engine rotational speed region,
the gradient of the lift of a cam for driving the inlet or
exhaust valve with respect to crank angle becomes very
sharp and the load exerted by a rocker arm spring on a
rocker arm in sliding contact with the cam becomes
large, so that vibration caused by the mutually shiding
cam and rocker arm increases.

Therefore, if both the knocking discrimination levels
at the low and high speed valve timings are calculated
by the use of the same equation as in the conventional
method, the calculated results become greatly different
from each other due to the difference in the noise level
between the low and high speed valve timings. Further,
since the noise level abruptly increases when the engine
rotational speed rises above e.g. about 4800 rpm, and
the increasing rate of the noise level at the low speed
valve timing is larger than that at the high speed valve
timing, the knocking discrimination level at the low
speed valve timing in the higher engine rotational speed
region becomes considerably higher than that at the

high speed valve timing in the same region. Therefore,

knocking, even if it occurs, cannot be positively de-
tected at the low speed valve timing in the higher en-
gine rotational speed region.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a knocking
control system for an internal combustion engine,
which is capable of positively detecting occurrence of
knocking in the engine irrespective of the selected valve
timin g-

It is a further object of the invention to provide a
knocking control system for an internal combustion
engine, which is capable of effecting optimum knocking
control at respective valve timingboth low speed valve
timing and high speed valve timing which cause differ-
ent combustion characteristics.

To attain the above objects, the present invention
provides a knocking control system for an internal com-
bustion engine having inlet valves and exhaust valves, at
least one of the inlet valves and the exhaust valves hav-
ing valve timing thereof controlled by valve timing
control means depending on operating conditions of the
engine.

The system of the invention is characterized by com-
prising:

valve timing detecting means for detecting the valve
timing controlled by the valve timing control means;

knocking parameter detecting means for detecting a
detection parameter indicative of knocking occurring in
the engine;

knocking discriminating means for determining
whether or not knocking has occurred in the engine on
the basis of the detection parameter detected by the
knocking parameter means and at least one discrimina-
tion parameter;

knocking control means responsive to an output from
the knocking discrimination means indicative of a deter-
mination result that knocking has occurred, for control-
ling an operation of the engine by the use of at least one
control parameter; and

parameter value selecting means for selecting a value
of at least one of the at least one discrimination parame-
ter and the at least one control parameter, which corre-
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sponds to the valve timing detected by the valve timing

detecting means.

Preferably, the detection parameter detected by the
knocking parameter detecting means is a level of vibra-
tion of the engine, the vibration comprising a knocking
component and a noise component, the knocking dis-
criminating means setting a knocking discrimination

level on the basis of a level of the noise component and
the at least one discrimination parameter, in a manner
depending upon of the valve timing controlled by the

valve timing control means, and determining that
knocking has occurred when a level of the knocking
component has a level higher than the knocking dis-
crimination level.

More preferably, the at least one discrimination pa-
rameter includes correction terms (G, Gg; OSz, OSy)
set to such values as to obtain the knocking discrimina-
tion level irrespective of the valve timing controlled by
the valve timing control means, by being multiplied by
and added to the level of the noise component, respec-
tively.

Further preferably, the valve timing control means
- controls the valve timing to low speed valve timing
suitable for a low engine rotational speed region and
high speed valve timing suitable for a high engine rota-
tional speed region, the correction terms comprising
first correction terms (G, OSy) for the low speed valve
timing and second correction terms (Gg, OSg) for the
high speed valve timing, the parameter value selecting
means selecting the first correction terms or the second
correction terms depending on the valve timing de-
tected by the valve timing detection means.

The first correction terms and the second correction
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terms increase as at least one of the rotational speed of ;5

the engine and load on the engine increases.

The above and other objects, features, and advan-
tages of the invention will become more apparent from
the ensuing detailed description taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing the whole
arrangement of a fuel supply control system for an inter-
nal combustion engine incorporating a knocking con-
trol system according to the invention;

FIG. 2 is a longitudinal cross-sectional view of essen-
tial parts of the engine;

FIG. 3 1s a transverse cross-sectional view of a con-
nection-changeover mechanism;

FIGS. 4, 4A, and 4B are schematic diagrams showing
an oil-feeding system and an oil pressure-changeover
device;

FIG. § 1s a diagram showing set basic fuel injection
period characteristics for low speed valve timing and
high speed valve timing;

FIG. 6 is an enlarged view of a portion encircled in
FIG. §;

FIG. 7 1s a diagram showing a Tyt table;

FIG. 8 is a diagram showing lower speed and higher
speed valve timing regions;

FIGS. 9, 9A, 9B and 9C are flowcharts of a program
for controlling the changeover of the valve timing;

FIG. 10 is a flowchart of a subroutine for obtaining
basic fuel injection period values Tiz and Tig from
respective Tiz and Tiyg maps;

FIG. 11 is a flowchart of a subroutine for calculating
a value Ty
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4
FIG. 12 is a flowchart of a program for controlling

ignition timing which 1s executed in the knocking con-
trol system of the invention;

(a) and (b) of FIG. 13 are block diagrams illustrating
an arrangement for determining occurrence of knock-
Ing;

FIG. 14 is a flowchart of a program for controlling

knocking, which i1s executed in the knocking control
system of the invention;
FIG. 15 is a flowchart of a subroutine corresponding

to a step 1406 of the program of FIG. 14;

FIG. 16 is a flowchart of a subroutine corresponding
to a step 1407 of the program of FIG. 14;

FIGS. 17A and 17B are graphs showing tables of a
multiplier term and an addend term to be used for calcu-
lation of a knocking discrimination level executed at a
step 1404 in FIG. 14;

F1G. 18 i1s a graph showing the knocking discrimina-
tion level calculated at the step 1404 in FIG. 14; and

FIG. 19 is a graph showing output from a knocking
sensor appearing in FIG. 1.

DETAILED DESCRIPTION

The knocking control system according to the inven-
tion will now be described in detail with reference to
the drawings showing an embodiment thereof.

Referring first to FIG. 1, there is shown the whole
arrangement of a fuel supply control system for an inter-
nal combustion engine incorporating the knocking con-
trol system according to the invention. In the figure,
reference numeral 1 designates an internal combustion
engine of DOHC in-line 4 cylinder type for automotive
vehicles, in which two pairs of inlet and exhaust valves
are provided for each cylinder. Connected to the cylin-
der block of the engine 1 is an intake pipe 2 across
which is arranged a throttle body 3 accommodating a
throttle valve 3’ therein. A throttle valve opening (87x)
sensor 4 is connected to the throttle valve 3’ for generat-
ing an electric signal indicative of the sensed throttle
valve opening and supplying same to an electronic con-
trol unit (hereinafter called “the ECU”) §.

Fuel injection valves 6, only one of which is shown,
are inserted into the interior of the intake pipe at loca-
tions intermediate between the cylinder block of the
engine 1 and the throttle valve 3’ and slightly upstream
of respective intake valves, not shown. The fuel injec-
tion valves 6 are connected to a fuel pump, not shown,
and electrically connected to the ECU 5 to have their
valve opening periods controlled by signals therefrom:.

Ignition plugs 22 provided for respective cylinders of
the engine 1 are connected via a driving circuit 21 to the
ECU § which controls the ignition timing fig of the
ignition plugs 22.

Further, an electromagnetic valve 23 for valve timing
changeover control, described hereinafter, is connected
to the output side of the ECU § which controls opening
and closing of the electromagnetic valve 23.

On the other hand, an intake pipe absolute pressure
(Pp4) sensor 8 is provided in communication with the
interior of the intake pipe 2 at a location immediately
downstream of the throttle valve 3’ for supplying an
electric signal indicative of the sensed absolute pressure
within the intake pipe 2 to the ECU 5. An intake air

temperature (T 4) sensor 9 is inserted into the intake pipe

2 at a location downstream of the intake pipe absolute
pressure sensor 8 for supplying an electric signal indica-
tive of the sensed intake air temperature T 4 to the ECU
5. |



4,960,095

S

An engine coolant temperature (Ty) sensor 10,
which may be formed of a thermistor or the like, is
mounted in the cylinder block of the engine 1, for sup-
plying an electric signal indicative of the sensed engine
coolant temperature T to the ECU §. An engine rota-
tional speed (Ne) sensor 11 and a cylinder-discriminat-
ing (CYL) sensor 12 are arranged in facing relation to a
camshaft or a crankshaft, not shown, of the engine 1.
The engine rotational speed sensor 11 generates a pulse
as a TDC signal pulse at each of predetermined crank
angles whenever the crankshaft rotates through 180
degrees, while the cylinder-discriminating sensor 12
generates a pulse at a predetermined crank angle of a
particular cylinder of the engine, both of the pulses
being supplied to the ECU 5. A knocking sensor 24 is
mounted in a peripheral wall of the cylinder block of
the engine 1 at a location in the vicinity of the top-dead-
center of an engine cylinder, for sensing vibration of the
engine and supplying an electric signal indicative of the
sensed vibration to the ECU 5. The knocking sensor 24
is adapted to resonate with the frequency of knocking
taking place within the cylinder. Such knocking sensors
may be provided for respective cylinders to detect
knocking more accurately.

A three-way catalyst 14 is arranged within an exhaust
pipe 13 connected to the cylinder block of the engine 1
for purifying noxious components such as HC, CO, and
NOx. An O; sensor 15 as an exhaust gas ingredient
concentration sensor is mounted in the exhaust pipe 13
at a location upstream of the three-way catalyst 14, for
sensing the concentration of oxygen present in exhaust
gases emitted from the engine 1 and supplying an elec-
tric signal indicative of the sensed oxygen concentration
to the ECU 3. |

Further electrically connected to the ECU § are a
vehicle speed sensor 16, a gear position sensor 17 for
detecting the shift lever position of a transmission, and
an oil pressure sensor 18 for detecting oil pressure in oil
feeding passages (881, 88¢ in FIG. 2), referred to herein-
after, of the engine 1. Signals from these sensors are
supplied to the ECU 3.

The ECU 5 comprises an input circuit 5S¢ having the

functions of shaping the waveforms of input signals
from various sensors, shifting the voltage levels of sen-
sor output signals to a predetermined level, converting
analog signals from analog-output sensors to digital
signals, and so forth, a central processing unit (hereinaf-
ter called “the CPU”) 56, memory means Sc storing
various operational programs which are executed in the
CPU 5b and for storing results of calculations there-
- from, etc., and an output circuit Sd which outputs driv-
ing signals to the fuel injection valves 6, the driving
circuit 21, and the electromagnetic valve 23.
- The CPU 5b operates in response to the above-men-
tioned signals from the sensors to determine operating
conditions in which the engine 1 is operating such as an
air-fuel ratio feedback control region for controlling the
air-fuel ratio in response to oxygen concentration in
exhaust gases and open-loop control regions, and calcu-
lates, based upon the determined operating conditions,
the valve opening period or fuel injection period Tour
over which the fuel injection valves 6 are to be opened,
by the use of the following equation in synchronism
with inputting of TDC signal pulses to the ECU 3.

TouT=TiXKworX K1+ K> (1)

where
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Ti represents a basic fuel amount, more specifically a
basic fuel injection period of the fuel injection valves 6,
which is determined based upon the engine rotational
speed Ne and the intake pipe absolute pressure Pp4. As
the Ti map for determining the Ti value, a Tiz map for
low speed valve timing and a Tiy map for high speed
valve timing are stored in the memory means 3C.

K worrepresents a high load enriching coefficient for
increasing the amount of fuel in a predetermined high
load engine operating region.

K1and Kj represent other correction coefficients and
correction variables, respectively, which are calculated
based on various engine parameter signals to such val-
ues as to optimize operating characteristics of the en-
gine such as fuel consumption and accelerability, de-
pending on operating conditions of the engine.

The CPU 5b decides the ignition timing €1g based on
the engine rotational speed Ne and the intake pipe abso-
lute pressure Pp4. As the fig map for determining the
ignition timing, similarly to the Ti maps, a 8gi; map for
the low speed valve timing and a @igy map for the high
speed valve timing are stored in the memory means SC.

Further, the CPU 5b controls the opening and closing
of the electromagnetic valve 23 in a manner described
hereinafter with reference to FIG. 9.

The CPU 5b supplies the output circuit Sd with driv-
ing signals for driving the fuel injection valves 6, the
driving circuit 21, and the electromagnetic valve 23,
based upon the results of the above calculations and
decisions.

FIG. 2 shows a longitudinal cross-section of essential
parts of the engine 1. Four cylinders 32, only one of
which is shown, are arrangaed in a line within a cylin-
der block 31. Combustion chambers 35 are defined be-
tween a cylinder head 33 mounted on an upper end of
the cylinder block 31 and pistons 34 slidably fitted
within respective cylinders 32. The cylinder head 33 has
a pair of inlet ports 36 and a pair of exhaust ports 37
formed in a portion thereof serving as a ceiling of each
combustion chamber. Each inlet port 36 1s connected to
an inlet passage 38 which opens in one side wall of the
cylinder head 33, while each exhaust port 37 is con-
nected to an exhaust passage 39 which opens in another
side wall of the cylinder head 33.

An inlet valve 40i is arrangead in each inlet part 36 to
open and close same, while an exhaust valve 40e is
arranged in each exhaust port 37 to open and close
same. The inlet valves 40/ and exhaust valves 40e are
guided by respective guide sleeves 41/ and 41¢’ which
are fitted in respective guide holes 41; and 41e formed in
the cylinder head 33. Valve springs 43i, 43¢ are inter-
posed between respective valve seats formed at ends of
the guide holes 41i, 41e and respective collars 42i, 42¢
secured on upper ends of each inlet valve 40i and each
exhaust valve 40e projected from the respective guide
holes 41i, 41e. The valve springs 43i, 43e urge the re-
spective inlet and exhaust valves 40i, 40¢ in the upward
or valve-closing direction.

The cylinder head 33 and a head cover 44 mounted
on an upper end thereof define therebetween a working
chamber 45 which accommodates an inlet valve-operat-
ing device 47i for opening and closing the inlet valve 40;
in each cylinder 32, and an exhaust valve-operating
device 47e for opening and closing the exhaust valve
40¢ in same. The valve-operating devices 47i, 47¢ are
basically of the same construction. Therefore, only the
component parts of the inlet valve-operating device 47i
will be described below with reference numerals having
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a letter 1 affixed thereto, while those of the exhaust
valve-operating device 47e¢ are merely shown in the
drawings with corresponding reference numerals hav-
ing a letter e affixed thereto.

Referring also to F1G. 3, the inlet valve-operating
device 47/ comprises a camshaft 48 rotatively driven by

a crankshaft, now shown, at a speed ratio of 3, a high

speed cam 351/ and low speed cams 49i, 50 secured on
the camshaft 48i, provided for each cylinder 32 (the low

speed cam $0i has substantially the same configuration
as the low speed cam 49i, both being arrangaed on
opposite sides of the high speed cam 5§1i), a rocker shaft
52i extending parallel with the camshaft 48i, first and
second driving rocker arms 53i and 54i, and a free
rocker arm 55/ pivotally mounted on the rocker shaft
52i, the three arms being provided for each cylinder 32,
a connection-changeover mechanism 56/ arranged in
the corresponding rocker arms 33i, S4i, SSi for each
cylinder.

As shown i FIG. 3, the connection-changeover
mechanism 56/ comprises a first changeover pin 81
capable of connecting the first driving rocker arm 53i
with the free rocker arm 55i, a second changeover pin
82 capable of connecting the second driving rocker arm
54i with the free rocker arm 55i, a restriction pin 83 for
restricting the movement of the first and second
changeover pins 81, 82, and a spring 84 urging the pins
81, 82, 83 in the rocker arms-disconnecting direction.

The first driving rocker arm 353/ is formed therein
with a first guide bore 85 extending parallel with the
rocker shaft 52/ with one end thereof closed and the
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other end opening in a side face thereof facing the free .

rocker arm 55i. The first changeover pin 81 is slidably
fitted in the first guide bore 85, defining an o1l hydraulic
chamber 86 between one end thereof and the closed end
of the first guide bore 85. Further, a passage 87 extends
from the oil hydraulic chamber 86 and opens into an oil
feeding passage 88/ formed in the rocker shaft 52i so
that the passage 88/ permanently communicates via the
passage 87 with the oil hydraulic chamber 86 irrespec-
tive of rocking motion of the first driving rocker arm
53i. -
The free rocker arm 55i is formed therein with a
guide through hole 89 at a location corresponding to the
first guide bore 85, which extends through the free
rocker arm 55/ and parallel with the rocker shaft 52i.
The second changeover pin 82 is slidably fitted in the
guide through hole 89, with one end thereof abutting on
an opposed end face of the first changeover pin 81.
The second driving rocker arm 54 is formed therein
with a second guide bore 90 at a location corresponding
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to. the guide through hole 89, which extends parallel

with the rocker shaft 52; with one end thereof opening
toward the free rocker arm 55i. The restriction pin 83 in
the form of a disc is slidably fitted in the second guide
bore 90, in a fashion abutting on the other end of the
second changeover pin 82. Further, the second guide
bore 90 has a guide sleeve 91 fitted therein, in which is
slidably fitted an axial rod 92 which coaxially and inte-
grally projects from the restriction pin 82. The spring 84
is interposed between the guide sleeve 91 and the re-
striction pin 83 and urges the pins 81, 82, 83 toward the
oil hydraulic chamber 86.

In the connection-changeover mechanism 56i con-
structed as above, when the pressure in the oil hydraulic
chamber 86 is increased, the first changeover pin 81 1s
forced to move into the guide through hole 89 and at
the same time the second changeover pin 82 is urgedly

35
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moved into the second guide bore 90 to connect the
rocker arms 53/, §5i, 54/ together. When the pressure in
the oil hydraulic chamber 86 is decreased, the first
changeover pin 81 is moved back by the urging force of
the spring 84 into a position in which the end face
thereof abutting on the second changeover pin 82 corre-

sponds in location to the space between the first driving
rocker arm 53/ and the free rocker arm 55/, and at the
same time the second changeover pin 82 is moved back

into a position in which the end face thereof abutting on
the restriction pin 83 corresponds in location to the

‘space between the free rocker arm 58/ and the second
~driving rocker arm 54i, whereby the rocker arms 33;,

551, 54i become disconnected from each other.

Next, the oil-feeding system for supplying oil to the
valve-operating devices 47, 47¢ will be described with
reference to FIGS. 4, 4A and 4B. Oil galleries 98, 98’
are connected to an oil pump, not shown, for pumping
oil from an oil pan, not shown. From the oil galleries 98,
98', oil pressure is supplied to the connection-change-
over mechanisms 567, 56e, while lubricating oil 1s sup-
plied to the lubricating parts of the valve-operating
devices 471, 47e.

Connected to the oil gallery 98 is a selector valve 99
for changing the oil pressure supplied between high and
low levels. The oil feeding passages 88i, 88¢ in the re-
spective rocker shafts 52i, 52e¢ are connected via the
selector valve 99 with the oil gallery 98.

Passage-forming members 102/, 102e¢ respectively
extend parallel waith the camshafts 48/, 48¢ and are
secured to upper surfaces of cam holders 59 by means of
a plurality of bolts. The passage-forming members 102i,
102¢ are formed therein with respective low speed lu-
bricating oil passages 104/, 104¢, and high speed lubri-
cating oil passages 105i, 105¢, all of which have opposite
closed ends and form pairs of parallel passages. The low
speed lubricating oil passages 104i, 10de are connected
to the oil gallery 98’, and the high speed lubricating oil
passages 105/, 105¢ are connected to the o1l feeding
passages 88, 88¢. Further, the low speed lubricating o1l
passages 104, 104¢ are connected to the cam holder 59.

The selector valve 99 comprises an oil inlet port 119
connected to the oil gallery 98, an oil outlet port 120
connected to the oil feeding passages 88i, 88¢, and a.
spool valve 122 slidably fitted within a housing 121
mounted on one end face of the cylinder head 33.

The housing 121 i1s formed therein with a cylinder
hole 124 having an upper end thereof closed with a cap
123, and within which is fitted the spool valve 122 to
define an operating oil hydraulic chamber 125 between
an upper end thereof and the cap 123. Further, a spring
127 1s accommodated within a spring chamber 126 de-
fined between the spool valve 122 and a lower part of
the housing 121 and urges to spool valve 122 in the
upward or valve-closing direction. The spool valve 122
has an annular recess 128 formed therearound for com-
municating between the oil inlet port 119 and the oil
outlet port 120. When the spool valve is in an upper
position as shown in FIG. 4, it cuts off the communica-
tion between the o1l inlet port 119 and the o1l outlet port
120.

An oil filter 129 is held between the oil inlet port 119
and a high speed oil pressure feeding passage 116. Fur-
ther, the housing 121 has a restriction passage 131
formed therein, which provides communication be-
tween the oil inlet port 119 and the oil outlet port 120.
Therefore, even when the spool valve 122 is in a closed
position, the oil inlet port 119 and the o1l outlet port 120
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are communicated with each other through the restric-
tion passage 131 whereby oil pressure decreased
through the restriction passage 131 is supplied via the
oil outlet port 120 to the oil feeding passages 88i, 88e.

The housing 121 also has a bypass port 132 formed
therein, which is disposed to communicate via the annu-
lar recess 128 with the oil outlet port 120 only when the
spool valve 122 is in the closed position. The bypass
port 132 communicates with the interior of the cylinder
head 33 at an upper location thereof.

Connected to the housing 121 is a conduit line 135
which always communicates with the o1l inlet port 119.
The conduit line 135 is connected via the electromag-
netic valve 23 with a conduit line 137 which 1s in turn
connected with a communication hole 138 formed in
the cap 123. Therefore, when the electromagnetic valve
23 is opened, oil pressure is supplied to the operating oil
hydraulic chamber 125 to thereby move the spool valve
122 in the valve-opening direction.

Further, the housing 121 has the oil pressure sensor
18 mounted thereon for detecting the oil pressure in the
oil outlet port 120, i.e. the oil pressure in oil feeding
passages 88/, 88¢to determine whether the selector
valve 99 is normally functioning or not.

The operation of the valve-operating devices 47i, 47e
having the above-described construction will be de-
scribed below. Since the valve-operating devices 47i,
47e operate similarly to each other, the following de-
scription refers only to the operation of the inlet valve-
operating device 47.

When the ECU 5 sends out a valve-opening instruc-
tion signal to the electromagnetic valve 23, the electro-
magnetic valve 23 is opened to thereby cause the selec-
tor valve 99 to open, so that the oil pressure in the oil
feeding passage 88/ is increased. This causes the connec-
tion-changeover mechanism 56i to operate to connect
the rocker arms 53, 544, 55/ together, whereby the high
speed cam 51/ operates the rocker arms 53, 54/, 55/ in
unison to cause each pair of inlet valves 40i to open and
close at high speed valve timing in which the valve-
opening period and the valve lift amount are relatively
greater. | -

On the other hand, when the ECU 5 supplies a valve-
closing instruction signal to the electromagnetic valve
23, the electromagnetic valve 23 and in turn the selector
valve 99 are closed to thereby decrease the oil pressure
in the oil feeding passage 88i. This causes the connec-
tion-changeover mechanism 56/ to operate to discon-
nect the rocker arms 53i, 54/, 55/ from each other,
whereby the low speed cams 49i, 50i operate the corre-
sponding rocker arms 53i, 54/ to cause the pair of inlet
valves 40i to open and close at low speed valve timing
in which the valve-opening period and the valve life
amount are relatively smaller.

Next, the valve timing-changeover control according
to the invention will be described below. |

In FIG. 5, the Ti value of the Tiz, map for low speed
valve timing and that of the Tiy map for high speed
valve timing are respectively indicated by solid lines
and dotted lines. As is clear from the figure, in the case
of the low speed valve timing being selected, the rate of
increase in the intake air amount becomes smaller with
increase in the engine rotational speed Ne, while in the
case of the high speed valve timing being selected, the
charging efficiency becomes higher with increase in the

engine rotational speed Ne whereby the intake air
- amount becomes greater than in the case of the low
speed valve timing being selected. Therefore, there is a
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point of engine rotational speed Ne where the Ti value

for low speed valve timing and the Ti value for high

speed valve timing are identical to each other. In this
point of Ne, in both cases of the high and low speed
valve timings being selected, the intake air amount is
identical, and at the same time the air-fuel ratio is also
identical, so that the engine output becomes substan-
tially identical.

The charging efficiency finely varies with the engine
rotational speed Ne, and particularly in the vicinity of
the maximum throttle valve opening (8th), the variation
becomes markedly great. FIG. 6 shows on an enlarged
scale part of FIG. § for explaining this variation. At a
plurality of points, the Ti value for low speed valve
timing and that for high speed valve timing become
identical to each other. As described hereinafter, when
the valve timing is changed at a point where the Ti
value for low speed valve timing and that for high speed
valve timing are identical to each other, hunting in
changeover the. valve timing, i.e. frequent changeover
of valve timing, is liable to occur in the region of wide
throttle valve opening (WOT), which adversely affects
the durability of the connection-changeover mecha-
nisms 56i, S56e.

In this connection, when the engine is in a high load
operating region (maximum 6th (WOT) region), the
air-fuel ratio is enriched by the high load enriching
coefficient Kworincrease the engine output. In such a
high load operating region, the engine output can be
more effectively increased if the valve timing 1s
changed to the high speed valve timing. Therefore,
when the engine is in the high load operating region
(maximum 6th (WOT) region), from a Tpr table in
which a high load determination value Ty experimet-
ally obtained based on the fuel injection amount Toyris
set. in relation to the engine rotational speed Ne as
shown in FIG. 7, a Ty value is obtained in accordance
with the engine rotational speed Ne, and when the fuel
injection amount Toyr is equal to or higher than the
T yrvalue, the valve timing is changed to the high speed
valve timing. In this case, if it is arranged that the region
defined by Toyr=Tyrincludes the aforesaid points in
the wide throttle valve opening region where the Ti
value for low speed valve timing and that for high speed
valve timing are identical to each other, the hunting in
the valve timing can be prevented. In addition, the Ty
table used for vehicles with automatic transmissions is
different from that used for vehicles with manual trans-
missions.

Further, generally, in order to prevent overspeed of
the engine, fuel cut is carried out when the engine rota-
tional speed Ne exceeds a predetermined value (so-
called revolution limitter value) Nyrc. Load acting on
a timing belt connecting between the crankshaft and the
camshaft increases with decrease in the opening period
of the valve because the acceleration of opening move-
ment of the valve increases with decrease in the valve
opening period. Further, as the acceleration increases, a
critical value of the engine rotation speed above which
there can occur jumping of the valve decreases. There-
fore, the maximum allowable engine rotational speed
should be different between when the valve timing is set
to the low speed valve timing in which the valve open-
ing period is shorter and when the valve timing is set to
the high speed valve timing in which the valve opening
period is longer. Accordingly, in this embodiment, the
revolution limitter value is set at a relatively low value
Nurci (e.g. 7500 rpm) for the low speed valve timing,
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and at a relatively high value Ngrc2 (e.g. 8100 rpm) for
the hnigh speed valve timing.

Next, reference 1s made to FIG. 8 showing the valve
timing regions. In the figure, the solid line indicates a
boundary line between the low speed valve timing re-
gion and the high speed valve timing region, which is
selected when the valve timing is changed from the low
speed valve timing to the high speed valve timing, and
the broken line indicates one which is selected when the
valve timing is changed from the high speed valve tim-
ing to the low speed valve timing.

The changeover of the valve timing is carried out in
a region between a value Ney of the engine rotational
speed below which the engine output obtained by the
low speed valve timing always exceeds the engine out-
put obtained by the high speed valve timing and a value
Nez of the engine rotational speed above which the
engine output obtained by the high speed valve timing
always exceeds the engine output obtained by the low
speed valve timing. In this embodiment, hysteresis is
imparted to the engine rotational speed values Nej and
Nez between changeover of the valve timing from the
low speed valve timing to the high speed valve timing
and vice versa such that Ne; is set to e.g. 4800 rpm/4600
rpm and Ne; is set to e.g. 5900 rpm/5700 rpm.

In FIG. 8, X indicates a region in which the engine is
in a high load operating region (WOT region) and the
changeover of valve timing is carried out by compari-
son between Toyrand Tyr, and Y indicates a region in
which the changeover of the valve timing is carried out
by comparison between a Tjz value for the low speed
valve timing and a Ty value for the high speed valve
timing. Incidentally, since the changeover characteris-
tic in the region X is also under the influence of parame-
ters other than the engine rotational speed Ne and the
intake pipe absolute pressure Pp4 used for calculation of
Tour, the changeover characteristic cannot be accu-
rately plotted in FIG. 8 in which the engine rotational
speed Ne is indicated by the abscissa and the intake pipe
absolute pressure Pp4 is indicated by the ordinate.
Therefore, the changeover characteristic in the region
X of FIG. 8 should be taken as one for mere understand-
ing of the concept of the invention.

Next, reference is made to FIGS. 9, 9A, 9B and 9C to
explain a program for controlling the changeover of the
valve timing executed by the ECU §, i.e. a program for
output control of signals supplied to the electromag-
netic valve 23. This program is executed upon genera-
tion of each puise of the TDC signal and in synchronism
therewith.

At a step 901, it is determined whether or not a fail-
safe operation should be carried out, e.g. by determin-
ing whether or not any engine operating parameter
sensor 1s normally functioning or whether or not abnor-
mality has occurred in the control system other than
such sensor.

Spectfically, it is determined that the engine is 1n an
operating condition in which a failsafe operation should
be carried out, if, for example, there is detected an ab-
normality in any of the outputs from the intake pipe
absolute pressure (Pp4) sensor 8, the cylinder-dis-
criminating (CYL) sensor 12, the engine rotational
speed (TDC) sensor 11, the engine coolant temperature
sensor 10, and the vehicle speed sensor 16, an abnormal-
ity in outputting of a control signal for 1gnition timing
or in outputting of driving signals for the fuel injection
valves, an abnormality in the amount of electric current
supplied to the electromagnetic valve 23 for the valve
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timing control, or an abnormality that a normal change
has not been detected in oil pressure at the oil outlet
port 120 responsive to opening and closing of the elec-
tromagnetic valve 23 for the valve timing control by a
o1l pressure switch of the oil pressure sensor 18, over a
predetermined time period. In addition, when one of the
CYL sensor and the TDC sensor is abnormal, the other
is used in place thereof.

- If the answer to the question of the step 901 is Yes,
1.e., if the failsafe operation should be carried out, the
program proceeds to a step 932, hereinafter referred to,
and if the answer is No, the program proceeds to a step
902.

At the step 902, it is determined whether or not the
engine 1s being started, from the engine rotational speed
Ne, etc., and at a step 903, it is determined whether or
not a delay timer has counted up a predetermined time
period (e.g. 5 seconds) ts7. If the answer to the question
of the step 902 1s Yes, the program proceeds to a step
904, where the timer is set to the predetermined time
period tsr for starting to count same after the engine
starting has been completed. At a step 905, it is deter-
mined whether or not the engine coolant temperature
Twis lower than a predetermined value Tyn (e.g. 60°
C.), i.e. whether or not the engine is in warming-up
operation. At a step 906, it is determined whether or not
the vehicle speed V is lower than a very low predeter-
mined value V) (with hysteresis, e.g. 8 km/5 km). At a
step 907, 1t 1s determined whether or not the vehicle on
which the engine is installed is provided with a manual
transmision (MT). At a step 908, it is determined, when
the vehicle is an automatic transmisston type (AT),
whether or not the shift lever is positioned in the park-
ing range (P) or the neutral range (IN). At a step 909, it
is determined whether or not the engine rotational
speed Ne i1s not lower than the predetermined lower
limit value Nej (e.g. 4800 rmp/4600 rpm). If as a result
of the above determinations, the failsafe operation is
being carried out (the answer to the question of the step
901 is Yes), or if the engine 1s being started (the answer
to the question of the step 902 is Yes), or if the predeter-
mined time period ts7 has not elapsed after the enginer
has completed starting (the answer to the question of
the step 903 is No), or if the engine is still in warming up
operation (the answer to the question of the step 905 is
Yes), or if the vehicle 1s standing or moving slowing
(the answer to the question of the step 906 is Yes), or if
the shift lever is in the P or N range (the answer to the
question of the step 908 is Yes), or if Ne<Ne; (the
answer to the question of the step 909 is No), the elec-
tromagnetic valve 23 is closed to maintain the low
speed valve timing.

If 1t is determined at the step 909 that Ne=Ne; is
satisfied, at a step 910, from the Tir map and the Tigy
map, there are obtained a Ti value (hereinafter referred
to as “Tiz”) of the Tir map and a Ti value (hereinafter
referred to as “Tig”) of the Tixg map each correspond-
ing to the engine rotational speed Ne and the intake air
absolute pressure Pg4. Then, at a step 911, from the
Ty table set depending on whether the vehicle is AT
or MT is obtained a high load determination value Ty,
corresponding to the engine rotational speed Ne. At a
step 912, the Ty is compared with the Toyr in the
immediately preceding loop to determine whether
Tour=Tyris satisfied, 1.e. whether the engine is in the
high load operating condition in which the air-fuel ratio
should be enriched. If the step 912 is No, i.e. if Tor.
T7< Tyris satisfied, the program proceeds to a step 913,
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where it is determined whether or not the engine rota-
tional speed Ne is not lower than the predetermined
upper limit value Nej. If the answer to the question of
the step 913 is No, 1.e. if Ne <Ne is satisfied, the pro-
gram proceeds to a step 914, where the Tiz and the Tig
obtained at the step 910 are compared with each other.
If Tir>Tig is satisfied, it is determined at a step 916
whether or not a timer value tyrorrof a delay timer set
at a step 918, referred to hereinafter, has been counted
up. If the answer to the question of the step 916 is Yes,
an instruction signal for closing the electromagnetic
valve 23, i.e. an instruction for changing the value tim-
ing to the low speed valve timing, is generated at a step
917. On the other hand, if any of Toyr=TyT, Ne= Nes,
and Tiz =Tigis satisfied, the delay timer for closing the
electromagnetic valve is set to the predetermined value
tyrorr(e.g. 3 seconds) and started at the step 915. Then
at a step 918, an instruction signal for opening the elec-
tromagnetic valve 23, i.e. an instruction for changing
the valve timing to the high speed valve timing is gener-
ated.

If the valve-closing signal is generated at the step 917,
it is determined at a step 919 whether or not the oil
pressure switch within the oil pressure sensor 18 has
been turned on, i.e. if the oil pressure in the o1l feeding
passages 88/, 88¢ has become low. If the answer to the
question of the step 919 is Yes, i.e. if the o1l pressure
switch has been turned on, it is determined at a step 921
whether or not a changeover delay timer has counted
up a predetermined time period tz yrfor the low speed
valve timing. If the answer to the question of the step
921 is Yes, i.e. if tzyr=0, another changeover delay
timer for the high speed valve timing is set to a prede-
termined time period txyT(e.g. 0.1 second) and started
at a step 923. Then at a step 925, the Tiz map and an
ignition timing map (6igr, map) for the low speed valve
timing are selected as the Ti map and the ignition timing
map to be used in a routine for fuel injection control. At
the following step 927, the revolution limitter value
NrFcis set to a predetermined value Ngrci for the low
- speed valve timing.

On the other hand, if the valve-opening signal is gen-
erated at the step 918, it is determined at a step 920
whether or not the oil pressure switch within the oil
pressure sensor 18 has been turned off, i.e. if the oil
pressure in the oil feeding passages 88, 88¢ has become
high. If the answer to the question of the step 920 is Yes,
i.e. if the oil pressure switch has been turned off, it is
determined at a step 922 whether or not the changeover
delay timer for the high speed valve timing has counted
up the value tgyr. If the answer to the question of the
step 922 is Yes, i.e. if tgyT=0, the the changeover delay
timer for the low speed valve timing is set to a predeter-
mined time period tz yr(e.g. 0.2 seconds) at a step 924,
and then at a step 926, the Tiy map and an ignition
timing map (figy map) for the high speed valve timing
are selected as the Ti map and the ignition timing map
‘1o be used in the routine for fuel injection control. At

the following step 928, the revolution limitter value
nyrcis set to a predetermined value Ngrc2 for the high
speed valve timing, which is higher than Nggc:.

The predetermined delay time periods tgyrand tryr
are set at such values as correspond to the respective
~ time lags, i.e. periods of time to be elapsed from opening

“and closing of the electromagnetic valve 23, through
switching of the selector valve 99, and changing of the
- oil pressure in the oil feeding passages 88/, 88¢, until
completion of changeover operations by the connec-
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tion-changeover mechanisms 56i, 56e of all the cylin-
ders. When the electromagnetic switch 23 is closed, the
program proceeds in the order of 919-922-924-926-928
until the oil pressure switch within the oil pressure
sensor 18 is turned on. After the oil pressure switch has
been turned on, the program proceeds in the order of
919-921-926-928 until the connection-changeover
mechanisms 56/, 56e of all the cylinders have been
changed over to the low speed valve timing position.
Further, if the selector valve 99 is not closed due to
failure of the electromagnetic valve 23 or the selector
valve 99 etc. so that the oil pressure switch within the
oil pressure sensor 18 remains open or off, the program
also proceeds in the above-mentioned order of 919-92-
2-924-926-928. Thus, until the connection-changeover
mechanisms 56/, 56e¢ of all the cylinders have been
changed to the low speed valve timing position, the fuel
injection is controlled in a manner suitable for the high
speed valve timing. Also, when the electromagnetic
switch 23 is opened, the fuel injection is controlled in a
manner suitable for the low speed valve timing until the
connection-changeover mechanisms 56, S6e of all the
cylinders have been changed to the high speed valve
timing position.

In the meanwhile, if the engine is being started (the
answer to the question of the step 902 is Yes), or if the
time period tsT has not elapsed after completion of the
engine starting (the answer to the question of the step
903 is No), or if the engine has not yet been warmed up
(the answer to the question of the step 905 is Yes), or if
the vehicle is standing or moving slowly (the answer to
the question of the step 906 is Yes), the program pro-
ceeds to the step 929, where the instruction signal for
closing the electromagnetic valve 23 is generated, fol-
lowed by the program proceeding in the order of
923-925-927. If it is determined at the step 908 that the
shift lever position is in the N pr P range, the program
proceeds to a step 930, where it is determined whether
or not the Tiz map has been selected in the immediately
preceding loop. Also, if it is determined at the step 909
that Ne < Ne; is satisfied, the program proceeds to the
step 930. If the answer to the question of the step 930 is
Yes, i.e. if the Tiz map has been selected in the immedi-

‘ately preceding loop, the time period tyrorr of the

delay timer over which the electromagnetic valve is to
be opened is set to 0 at a step 931, and then the program
proceeds to a step 917. If the answer to the question of
the step 930 is No, i.e. if the Tiy map has not been used
in the immediately preceding loop, in other words, if
the connection-changeover mechanisms 56i, 56e of all
the cylinders have not been changed over to the high
speed valve timing position, the program proceeds, as
described above, in the order of 929-923-925-927,
whereby the fuel injection is controlled in a manner
suitable for the low speed valve timing irrespective of
the state of the o1l pressure switch within the oil pres-
sure sensor 18. This is a countermeasure for the case in
which the oil pressure switch within the oil pressure
sensor 18 continues to be off due to disconnection in the
wiring etc.

The aforesaid revolution limitter Ne value Ngyrciis
set at a value higher than Nej, and normally the valve
timing is switched to the high speed valve timing and
accordingly the revolution limitter Ngyrc 1s set to the
higher vlaue Ngrcs before the engine rotational speed
Ne rises to Nyrc1, so that fuel cut is not carried out
even at Nyrci. On the other hand, when the engine is in
an operating condition in which the program proceeds
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from any of the steps 902-906, and 908 to the step 929,
the fuel cut can be carried out at Ngrci, since the low
speed valve timing is maintained even after the engine
rotational speed Ne exceeds Ne; due to racing of the
engine etc. Further, even after the valve timing is
switched from the low speed valve timing to the high
speed valve timing, fuel cut is carried out at Nyrci
before tyyr becomes 0, i.e. before the connection-
changeover mechanisms 56i56e are actually changed
over to the high speed valve timing position.

FIG. 10 shows the subroutine used at the step 910 for
obtaining Tiz and Tig from the respective Tiz and Tig
maps. It is determined whether or not the instruction
signal for opemng the electromagnetic switch 23 has
been generated in the immediately preceding loop. If !
the instruction signal has not been generated, the Tiz to
be used at the step 914 is set to a value Tiz obtained from
the Tiz map, whereas if the instruction signal has been
generated, the Tiz to be used at the step 914 is set to a
value obtained by subtracting a predetermined hystere-
sis amount of ATi from a valve Tir obtained from the
Tiz map. Thus, hysteresis is imparted to the changeover
characteristic in the region Y in FIG. 8.

FIG. 11 shows the subroutine used at the step 911 for
obtaining the high load determination value Typ7 from
the Ty table. It is determined whether or not the in-
struction signal for opening the electromagnetic valve
23 has been generated in the immediately preceding
loop. If the signal has not been generated, the Tyrto be
used at the step 912 is set to a value Tp7 obtained from
the Ty rtable, whereas if the signal has been generated,
the Tyrto be used at the step 912 is set to a value ob-
tained by subtracting a predetermined hysteresis
amount AT prfrom a value Typ7obtained from the Tyr
table. Thus, hysteresis 1s imparted to the changeover
characteristic in the region X i1n FIG. 8.

Referring again to FIG. 9c, if the answer to the ques-
tion of the step 901 is Yes, 1.e. if the failsafe operation is
being carried out, the instruction signal for closing the
electromagnetic valve 23 is generated at the step 932,
and then at a step 933 it i1s determined whether or not
the engine rotational speed Ne is higher than a predeter-
‘mined value Negs for fail-safe (e.g. 3,000 rpm). If the
answer at the step 933 is Yes, i.e. if Ne> Negs, the Tig
map and the figy map for the high speed valve timing
are selected at a step 934, followed by the program
proceeding to the step 927, whereas if Ne=Neggs, the
Tiz map and the Oig7, map for the low speed valve tim-
ing are selected at a step 9385, followed by the program
proceeding to the step 927.

As described above, at the steps 933-938 one of the
Tig and Tiz maps is selected depending on the engine
rotational speed Ne during the fail-safe operation.
Therefore, even when the inlet and exhaust valves 40,
40¢ are actually operated at the high speed valve timing
due to failure of any of the selector valve 99, the con-
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nection-changeover mechanisms 56i, 56e, etc. in spite of

the fact that the instruction signal for closing the elec-
tromagnetic valve 23 is generated during the failsafe
operation, it is possible to prevent overleaning of the
air-fuel ratio and hence an excessive rise in the buring
temperature of the mixture or the catalyst temperature
of exhaust gas purifying means, and accordingly also
prevent melting of ignition plugs due to preignition of
the mixture, knocking at a high engine rotational speed,
and shortened life of the catalyst.
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The manner of ignition timing control which is car-
ried out by the knocking control system of the invention
will now be explained with reference to Flg. 12.

At a step 1201, the detected and stored engine rota-
tional speed Ne and intake pipe absolute pressure Pp4
are read out, and at a step 1202 a basic ignition timing
advancing amount 0ig._. g4sk is retrieved from the 8igr
or figy map selected at the step 925, 926, 934, or 935
FIG. 9c, in response to the engine rotational speed Ne
and the intake pipe absolute pressure Pp4 read out at the
step 1201. Then, the engine coolant temperature T prand
the intake air temperature T4 are read out at a step 1203,
and at a step 1204 a correction variable 0ig_cor for
correcting the basic ignition timing advancing amount
5 @ig_.pase is calculated based on the engine coolant
temperature Ty and the intake air temperature T4 read
our at the step 1203. At a step 1205, a correction vari-
able Oigxn for preventing knocking is read out, which 1s
determined depending on the valve timing and the re-
sult of a determination as to occurrence of knocking,
hereinafter referred to, and then stored. A final ignition
timing advancing amount fig (namely a crank angle
before the top-dead-center of each cylinder at the start
of compression stroke) is calculated at a step 1206 by
summing up the values 8ig_p4sEr, 0ig _cor, and Qigxy
obtained at the steps 1202, 1204, and 120§, and at a step
1207 and ignition signal based on the calculated value
fig is supplied to the driving circuit 21 to effect ingni-
tion by the ignition plug 22.

The determination as to whether knocking has oc-
curred, which is used for determining the correction
variable @igxxy read out at the step 1205, 1s carried out
by the use of the knocking sensor 24 and means
1301-1305 shown in (b) of FIG. 13. Specifically, an
output from the knocking sensor 24 which is indicative
of engine vibration is applied to gate means 1301, where
the sensor output is subjected to detection by a knock-
ing gate and a noise gate of the gate means 1301, as
shown in (a) of FIG. 13, at both the low speed valve
timing (hereinafter referred to as “Lo V/T”) and the
high speed valve timing (hereinafter referred to as “Hi
V/T?). Vibration detected by the noise gate is levelled
through a low-pass filter having a predetermined time
constant, of noise level-calculation means 1302, to ob-
tain mean noise levels NL;,NLgy at Lo V/T and Hi
V/T, respectively. The mean noise levels NL;, NLgy
are multiplied by mutiplier terms Gz, G and increased
by addend terms OSy, OSgy by the following equations
(2) and (3) at knocking discrimination calculating means
1303, to obtain respective knocking discrimination lev-
els alLo, aHi at Lo V/T and Hi V/T.

alo=NL; X G-
L+0Sr .(2)

aHi=NLygxXGyg+0Sy. .. (3)
where the multiplier terms Gz, Gy and addend terms
OSz, OSgare set at .o V/T and Hi V/T, respectively,
and obtained from graphs shown in FIGS. 17 A and B,
respectively. The multiplier terms and addend terms are
both set to larger values as the engine rotational speed
Ne or the engine load increases. Further, the multiplier
term Gy and addend term OSy at Hi V/T are set to
larger values than the multiplier term G and added
term OSyz at Lo V/T. Also, the increasing rates of the
multiphier term Gy and addend term OS; at Lo V/T
become reduced when the engine rotational speed Ne
or engine load exceeds a chageover point CH, e.g. 4300



17

rpm. By thus setting the multiplier terms Gz, Gg and
addend terms OS;, OSy, the knocking discrimination
levels alLo, aHi at Lo V/T and Hi V/T are substantially
equal to each other and at the same time set in the vicin-
ity of a lower limit value of a knocking level region, in
spite of the fact that the noise level NIz at L.o V/T is
different from the noise level NLgyat Hi V/T, as shown
in FIG. 18.

In practice, the knocking discrimination level calcu-
lating means is composed of amplifiers adapted such
that the multiplier terms Gz, Gp, and the addend terms
OS;, OSyare determined by the gains and offset of the
amplifiers, respectively, in dependence on the engine
rotational speed Ne or engine load, as well as on the
selected valve timing.

Then, the vibration levels detected by the knocking
gate at both Lo V/T and Hi V/T are compared with
the respective knocking discrimination levels al.o and
aHi by means of knocking discriminating means 1304. If
the former is higher than the latter, the knocking dis-
criminating means 1304 judges that knocking has oc-
curred, and then supplies an electric singal indicative of
occurrence of knocking to knocking control means
1305.

The manner of knocking control will now be de-
scibed with reference to FIG. 14.

At a step 1401, it is determined whether or not the
“actual valve timing is Lo V/T. If at the step 925 or 935
in FIG. 9¢ the Lo V/t map has been selected, the valve
timing is judged to be Lo V/T, whereas if at the step
926 or 934 the Hi V/T map has been selected, the valve
timing is judged to be Hi V/T.

- If the answer at the step 1401 is Yes, thatis, if Lo V/T
is being applied, various control data for Lo V/T are
selected at a step 1402, whereas if the answer is No, that
is, if Hi V/T is being applied, various control data for
Hi V/T are selected at a step 1403.

The various control data include: the multiplier terms
G, Ggand the addend terms OSy, OSg to be used at a
step 1404, hereinafter referred to, for calculation of
knocking discrimination levels; discrimination parame-
ters to be used in the knocking discriminating means
1304 such as crank angles at which the knocking gate
and noise gate are operated, the time constant of the
low-pass filter for levelling noise levels, and a reference
discrimination level used for detecting abnormality in

the knocking sensor 24; and control parameters to be

used in the knocking control means 1308 such as a pre-
determined retarding limit value @iggnyrpin FIG. 15, a
predetermined advancing limit value &iggn4y in FIG.
16, the frequency of occurrence of knocking used for
determining the octane number of fuel (the octane num-
~ ber of fuel used is determined based on the knocking
- frequency, and the retarding amount of the ignition
timing is set depending on the octane number), a prede-
termined retarding correction amount A@gpin FIG. 15,
and a predetermined advancing correction amount
A8 4y 1n FIG. 16.

At the step 1404, the knocking discrimination levels
alLo and aHi are calculated by means of the knocking
discrimination level-calculating means 1303 (F1G. 13)
on the basis of the multiplier terms Gz, Gy and addend
terms OSy, SOgfor Lo V/T and Hi V/T, respectively,
from the various data selected at the steps 1402, 1403.
At a step 1405, it is determined whether or not the
output of the knocking sensor 24 detected by the knock-
ing gate is higher than corresponding one of the levels
alLo and aHi calculated at the step 1404. If the answer 1s
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Yes, which indicates that there exists knocking, the
program proceeds to a step 1406 to calculate an ignition
timing retarding value or ignition timing correction
variable @igxyin accordance with a subroutine of FIG.
15, whereas if the answer is No, which indicates that
there is no knocking, the program proceeds to a step
1407 to calculate an ignition timing advancing value
(@igxn) in accordance with a subroutine of FIG. 16.

When it is determined that there exists knocking, the
ignition timing correction variable @iggn to be applied
when knocking has taken place is calculated in accor-
dance with the subroutine of FIG. 15. In respective first
loops of the programs in FIGS. 15 and 16, the variable
figxn is set to e.g. a value of 0 as an initial value.

At a step 1501, a count value CNO counted by a
counter over which no knocking has taken place is set
to a value of 0. Then at a step 1502, a value of the cor-
rection variable figxy is calculated by subtracting the
predetermined correction amount A@rp for retarding
the ignition timing from a value of the correction vari-
able @igxy obtained in the last loop, followed by the
program proceeding to a step 1503 where it is deter-
mined whether or not the value 8igx obtained at the
step 1502 is larger than the predetermined retarding
limit value figgnrp. The predetermined retarding limit
value Bigxrnp is determined depending on the engine
rotational speed Ne and the engine load. If the answer at
the step 1503 is Yes, that is, if Qigxn>0igxNrD, the
correction variable Oiggy is set to the predetermined
retarding limit value @igxNgrp at a step 1504, whereas if
the answer 1s No, the correction variable figgyin set to
the value @igxy calculated at the step 1502.

On the other hand, when it is determined that there 1s
no knocking, the ignition timing correction variabie
figxnis calculated in accordance with the subroutine of
FIG. 16, in order to return or advance the ignition
timing which has been retarded in accordance with the
subroutine in FIG. 18.

At a step 1601, a predetermined count value CAYV to
be counted is retrieved from a map, not shown, depend-
ing on the engine rotational speed Ne and engine load.
The predetermined count value CAV corresponds to a
predetermined number of TDC signal pulses over
which no knocking has taken place. At a step 1602, the
count value CNO of the counter is increased by a value
of 1, and then it is determined at a step 1603 wheter or
not the value obtained by adding the value of 1 to the
count value CNO is larger than the predetermined
count value CAYV retrieved at the step 1601. If the an-
swer at the step 1603 is Yes, that 1s, if the count value
CNO has reached the predetermined count value CAV,
the count value CNO is set to the value of 0 at a step
1604, followed by the program proceeding to a step
1605 to calculate the correction variable figga by add-
ing the predetermined correction amount A@4y for ad-
vancing the ignition timing to the value of the correc-
tion variable Oigxn obtained in the last loop. If the an-
swer at the step 1603 is No, that is, if the count value
CNO has not reached the predetermined count value
CAYV, the program skips over the steps 1604 and 1605 to
a step 1606. |

At the step 1606, it is determined whether or not the
value of figxn obtained at the step 1608, or, if the an-
swer at the step 1603 is No, the value of 8igx v obtained
in the last loop is larger than the predetermined advanc-
ing limit value figxn4y. The predetermine advancing
limit value figgn4y i1s determined depending on the
engine rotational speed Ne and engine load. If the an-
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swer at the step 1606 is Yes, that is, if Qiggn> 0igrn4y,
the correction variable figgy is set to the value figk.
NAV, whereas if the answer is No, the correction vari-
able Gigxn is set to the value figgn.

The control parameters such as the correction
amount A@rp for retarding the ignition timing, the cor-
rection amount A6 4y for advancing the ignition timing,
the predetermined retarding limit value Oigxnrp, the
predetermined advancing limit value @iggn4yand the
predetemined count value CAYV are set as follows, de-
pending on the valve timing:

Hi V/T LoV/T
AOrD Large Small
- A8y Large Small
tigxNRD Large Small
Grigx N4V Large Small
CAV Large Small

That is, the charging efficiency at Hi V/T is higher
than that at Lo V/T so that the compression ratio at Hi
- V/T i1s actually larger than that at Lo V/T, whereby
knocking is more liable to take place at Hi V/T. In
order to prevent knocking at Hi V/T, the control pa-
rameters are set to larger values at Hi V/T than at Lo
V /T, as shown in the above table.

As decribed above, according to the invention de-
cribed above, the discrimination parameters for the
knocking discrimiation means and/or the control pa-
rameters for the knocking control means are selected to
values appropriate to the selected valve timing to
‘thereby effect proper knocking control. Further, ac-
cording to the invention, the determination as to
whether the valve timing 1s Lo V/T or Hi V/T 1s car-
ried out not by detecting the opening and closing of the
electromagnetic valve 23, but by detecting which of the
Lo V/T map and Hi V/T map has been selected
through the steps 92§, 926. and 935 shown in FIG. 9c.
Therefore, even if there occurs a faitlure such that the
actual valve timing does not properly correspond to
opening and closing of the electromagnetic valve 23,
the invention can effect accurate knocking control since
the valve timing is determined by execution of the
above steps 925, 926, 934, and 935, whereby can be
avoided degraded driveability and hence degraded mar-
ketability of the engine, an increase in the fuel consump-
tion, and even damage to the engine in the worst case,
etc. due to occurrence of knocking.

Although in the embodiment of the invention de-
cribed above, the ignition timing is controlled in order
to prevent knocking at the time of changeover of the
valve timing, this 1s not limitative to the invention, but
fuel supply control to enrich the air-fuel ratio or super-
charging pressure control to reduce the supercharging
pressure may be employed instead of the ignition timing
control, in order to prevent knocking.

Further, although in the embodiment, the valve tim-
ing 1s changed between Lo V/T and Hi V/T, the valve
- timing may be varied in a continuous manner, whereby
the knocking discrimination parameters or knocking
control parameters are varied in a contiuous manner in
accordance with the continuously varied valve timing.

What 1s claimed is:

1. A knocking control system for an internal combus-
tion engine having inlet valves and exhaust valves, at
least one of said inlet valves and said exhaust valves
having valve timing thereof controlled by valve timing
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control means depending on operating conditions of
said engine,

the system comprising:

“valve timing detecting means for detecting the valve
timing controlled by said valve timing control
- means;
knocking parameter detecting means for detecting a
detection parameter indicative of knocking occur-
ring in said engine;

knocking discriminating means for determining

wheter or not knocking has occurred in said engine
on the basis of said detection parameter detected by
said knocking parameter means and at least one
discrimination parameter;

knocking control means responsive to an output from

said knocking discriminating means indicative of a
determination result that knocking has occured, for
controlling an operation of said engine by the use
of at least one control parameter; and

paremeter value selecting means for selecting a value

of at least one of said at least one discimination
parameter and said at least one control parameter,
which corresponds to the valve timing detected by
said valve timing detecting means.

2. A knocking control system as claimed in claim 1,
wherein said detection parameter detected by said
knocking parameter detecting means is a level of vibra-
tion of said engine, said vibration comprising a knock-
ing component and a noise component, said knocking
discriminating means setting a knocking discrimination
level on the basis of a level of said noise component and
said at least one discrimination parameter, in a manner
depending upon the valve timing controlled by said
valve timing conirol means, and determining that
knocking has occurred when said knocking component
has a level higher than said knocking discrimination
level.

3. a knocking control system as claimed in claim 2,
wherein said at least one discrimination parameter in-
cludes correction terms (Gr, Gx; OSr, OSpy) set to such
values as to obtain said knocking discrimination level
irrespective of the valve timing controlled by said valve
timing control means, by being multiplied by and added
to the level of said notse component, respectively.

4. A knocking control system as claimed in claim 3,
wherein said valve timing control means controls the
valve timing to low speed valve timing suitable for a
low engine rotational speed region and high speed valve
timing suitable for a high engine rotational speed re-
gion, said correction terms comprising first correction
terms (G, OSy) for said low speed valve timing and
second correction terms (G, OSgy) for said high speed
valve timing, said parameter value selecting means se-
lecting said first correction terms or said second correc-
tion terms depending on the valve timing detected by
said valve timing detection means.

5. A knocking control system as claimed in claim 4,
wherein said first correction terms and said second
correction terms increase as at least one of the rotational
speed of said engine and load on said engine increases.

6. a knocking control system as claimed in claim 1,
wherein said knocking control means comprises igni-
tion timing control means for varying ignition timing of
said engine.

7. A knocking control system as claimed in claim 6,
wherein said ignition timing control means is responsive
to an output from said knocking discrimination means
indicating that knocking has occurred, for retarding the
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ignition timing of said engine by a predetermined retad-
ing amount (A@rp) as said at least one control parame-
ter.

8. A knocking control system as claimed in claim 7,
wherein said parameter value selecting means selects a
value of said predetermined retarding amount corre-
sponding to the valve timing detected by said valve
timing detection means.

9. A knocking control system as claimed in claim 8,

wherein said valve timing control means control the
valve timing to low speed valve timing suitable for a
low engine rotational speed region and high speed valve
timing suitable for a high engine rotational speed re-
gion, said predetemined retarding amount (A0rp) com-
prising a first predetermined retarding amount for the
low speed valve timing and a second predetermined
retading amount for the high speed valve timing, said
parameter value selecting means selecting said first
predetermined retarding amount or said second prede-
termined retarding amount depending on the valve
timing detected by said valve timing detection means.
- 10. A knocking control system as claimed in claim 9,
wherein said ignition timing control means sets the
ignition timing of said engine to a predetermined retard-
ing limit value (figxnrp) as said at least one control
parameter when the ignition timing retarded by said
predetermined retarding amount (A8grp) exceeds said
predetermined retarding limit value.

11. A knocking control system as claimed in claim 10,
wherein said predetermined retarding limit wvalue
(Pigxnrp) comprises a first predetermined retarding
limit value for the low speed valve timing and second
predetermined retarding limit value for the high speed
valve timing, said parameter value selecting means se-
lecting said first predetermined retarding limit value or
said second predetermined retarding limit value de-
pending on the valve timing detecting by said valve
timing detection means.

12. A knocking control system as claimed in claim 6,
wherein said ignition timing control means is responsive
to an output from said knocking discrimination means
indicating that knocking does not occur, for advancing
the ignition timing of said engine by a predetermined
advancing amount (Af84y) as said at least one control
parameter.

13. A knocking control system as claimed in claim 12,
wherein said parameter value selecting means selects a
value of said predetermined advancing amount corre-
sponding to the valve timing detected by said valve
timing detection means.
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14. A knocking control system as claimed in claim 13,
wherein said valve timing control means can control the
valve timing to low speed valve timing suitable for a
low engine rotational speed region and high speed valve
timing suitable for a high engine rotational speed re-
gion, said predetermined advancing amount (AO04y)
comprising a first predetermined advancing amount for
the low speed valve timing and a second predetermined
advancing amount for the high speed valve timing, said
parameter value selecting means selecting said first
predetermined advancing amount or said second prede-

termined advancing amount depending on the valve

timing detected by said valve timing detection means.

15. A knocking control system as claimed in claim 14,
wherein said ignition timing control means sets the
ignition timing of said engine to a predetermined ad-
vancing limit value (0igxn4y) as said at least one con-
trol parameter when the ignition timing advanced by
said predetermined advancing amount (A8 4y) exceeds
said predetermined advancing limit value. |

16. a knocking control system as claimed in claim 135,
wherein said predetermined advancing limit value
(Bigxn4y) comprises a first predetermined advacing
limit value for the low speed valve timing and second
predetermined advancing limit value for the high speed
valve timing, said parameter value selecting means se-
lecting said first predetermined advancing limit value or
said second predetermined advancing limit value de-
pending on the valve timing detected by said valve
timing detection means.

17. a knocking control system as claimed in claim 13,
including means for generating a pulse at each of prede-
termined crank angles of said engine, and means for
determining the number of generated pulses depending
upon at least one engine operating parameter, and
wherein said ignition timing control means advances
the ignition timing whenever a time period correspond-
ing to the determined number of generated pulses has
elapsed.

18. A knocking control system as claimed in claim 1,
wherein said valve timing control means selects a first
map for determining low speed valve timing suitable for
a low engine rotational speed region when a first prede-
termined condition is fulfilled, and selects a second map
for determining hign speed valve timing suitable for
high engine rotational speed region when a second
predetermined condition is fulfilled, said valve timing
detecting means detecting the valve timing controlled
by said valve timing control means, depending upon
whether said first map or said second map has beemn

selected.
: i - x ¥
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